. Furthermore, the -94 ins/del ATTG polymorphism could confer a decreased or increased risk for cancer development among Asians and Caucasians, respectively. Additionally, the stratification analysis revealed a significant association between the variant and decreased risk of oral, ovarian, and nasopharyngeal cancer in Asians. After we adjusted p values using the Benjamini-Hochberg false discovery rate method to account for multiple comparisons, these associations remained.
Characterized by angiogenesis and inflammation, cancer is a major public health problem and a complex terminal disease worldwide, which is injurious to human health and lives 1, 2 . With the aging population together with increasing formation of cancer-causing habits, it is estimated that there would be more than 22 million new cases suffering from cancer in the next decades. Therefore, the clinical and economic burden of cancer on healthcare will be heavier 2, 3 . Although the mechanism of carcinogenesis has not been completely clarified, abundant evidences indicated that a combination of genetic predisposition and environmental exposures is believed to contribute to pathogenesis of cancer 4 . With numerous recent advances in genetic research, many genes that are related to malignancy susceptibility have been identified as candidates in multiple populations, especially nuclear factor-kappa B 1 (NFKB1) [5] [6] [7] [8] [9] [10] . There is mounting evidence that inflammatory cytokines and carcinogens closely related to cancer development are involved in activating the common cell survival signaling pathways 11, 12 . NF-κ B serves as a major cell survival signal and is involved in multiple steps in carcinogenesis and in cancer cell's resistance to chemoand radiotherapy 12, 13 . It was identified as an inducible transcriptional factor binding to the intronic enhancer of the kappa light chain gene in every cell type 14, 15 . Subsequently, NF-κ B acts as an important regulator of more than 200 genes known to be involved in cell adhesion, cell survival, inflammation, apoptosis, and growth 16, 17 .
The NF-κ B family is composed of five members in mammal: p50/p105, p65/RelA, c-Rel, RelB, and p52/p100 (NFKB2), which can form different dimeric combinations. NFKB1 gene, mapped to chromosome 4q24, encodes p105/p50 isoforms of NF-κB, involved in cancer initiation and progression. The -94 insertion/deletion (ins/del) ATTG polymorphism within the promoter region of the NFKB1 gene could potentially affect the transcription of the gene and the function of NF-κB protein, sequentially leading to loss of binding capacity to nuclear proteins and reduced promoter activity 18 . The -94 ins/del ATTG (rs28362491) polymorphism that involves deletion of four nucleotides in the promoter region of NFKB1 gene consists of three genotypes: homozygote insertion or wild-type (WW), homozygote deletion or variant (DD), and heterozygous ins/del (DW) 7, 18 . According to published data, several search groups have investigated the relationship between the polymorphism and cancers risk 7, 10, [19] [20] [21] [22] [23] [24] [25] [26] [27] . However, these results obtained remains inconsistent. For instance, numerous studies reported that the del/del genotype of the polymorphism could contribute to an increased colorectal cancer (CRC) [28] [29] [30] , papillary thyroid carcinoma (PTC) 24 and lung cancer (LC) 13 in Chinese or Caucasian populations, while some other studies showed that the ins/ins genotype of the polymorphism could increase the risk of CRC 20, 31 , LC 26 and bladder cancer (BC) 32 in different populations. In addition, several studies showed a lack of relationship between the polymorphism and CRC risk 7 . Up to now, some earlier meta-analyses based on different strategies have tried to investigate the link between the polymorphism and cancer risk. Yang et al. 33 and Nian et al. 34 reported that the -94 ins/del ATTG polymorphism was significantly associated with decreased cancer risk in Asian populations, but not in Caucasian populations. Unfortunately, the two previous meta-analyses included some studies, in which the genotype distributions of control groups were not consistent with Hardy-Weinberg equilibrium (HWE). In addition, obviously high heterogeneity was detected under all five genetic models in their studies, but they only conducted subgroup analysis based on ethnicity to investigate the origin of the high heterogeneity. Furthermore, the authors did not perform tests to access statistical significance of multiple null hypotheses 35 . Henceforth, some new studies further assessed the relationship between the polymorphism and cancer risk among multiple ethnic populations. However, the association remains inconclusive due to the inconsistent results from the published publications [23] [24] [25] [26] [27] 30, [36] [37] [38] [39] [40] [41] [42] . Therefore, the data need to be updated and more reliable evaluations of the polymorphism with cancer risk are warranted.
Due to the inconsistency of past studies and the critical role of the variant in the pathogenesis of cancer, we conducted an updated meta-analysis to investigate the association of NFKB1 -94 ins/del ATTG promoter polymorphism and cancer risk by precise results.
Materials and Methods
Study selection. A systematic search of PubMed, Embase, ISI Web of Science, and Chinese National Knowledge Infrastructure (CNKI) database was conducted by two independent reviewers to identify relevant articles, which had investigated the association between NFKB1 -94 ins/del ATTG polymorphism and susceptibility to cancer (latest electronic search was updated on March 10, 2016). The search terms were used as follows: 'cancer' or 'carcinoma' or 'tumor' or 'carcinogenesis' or 'neoplasm' And 'NF-κ B' or 'Nuclear factor-κ B 1' or 'NFKB1" And 'polymorphism' or 'variant' or 'mutation' or 'polymorphisms' or 'variants' or 'mutations' . No publication date or languages restrictions were imposed. Studies eligible for this meta-analysis must fulfill the following inclusion criteria: (a) studies using a case-control design; (b) studies evaluating the association between NFKB1 -94 ins/del ATTG polymorphism and cancer risk; (c) genotype distributions should be available for estimating the odds ratios (OR) with 95% confidence interval (CI); (d) the genotype distributions among control groups must be consistent with HWE. For multiple reports based on overlapping samples, only the most recent study or the study with the largest number of subjects were retained. Exclusion criteria were defined as follows: (a) abstracts, conferences, reviews, letters, case reports, and non-human studies; (b) repeated or overlapping publications; (c) studies reporting neither genotype distributions nor allele frequency; (d) the studies that do not follow HWE. We also inspected the references list of reviews or previous meta-analyses for potentially relevant publications. Two investigators independently screened all abstracts and citations to extract potentially eligible studies.
Data extraction. Two investigators independently collected the information of each eligible study based on the inclusion and exclusion criteria. First author, publication year, country, ethnicity, control source, genotyping technology, genotype and allele distributions, total number of cases and controls, and cancer type were extracted. In case of discrepancies, we checked the collected data and reached a consensus through discussion to ensure accuracy of the data. The information is shown in Tables 1 and 2 .
Quality score assessment. The quality of included studies was estimated according to the NewcastleOttawa Scale (http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp). The scale use a '-' rating system to evaluate quality based on three points including the selection of the study groups, comparability of the groups, and the ascertainment of the exposure or outcome of interest in the case-control study. Total scores range from 0 to 9 points. A study with scores of more than 7 points was considered to be a high quality study (Table 1) . Discrepancies would be resolved by discussion with a third author until a consensus was reached.
Statistical method.
In this meta-analysis, all of the data in eligible studies were calculated as odds ratios (OR) with 95% confidence interval (CI) to assess the strength of association between NFKB1 -94 ins/del ATTG promoter polymorphism and the risk of cancer. The -94 ins/del ATTG polymorphism consists of three genotypes: homozygous insertion or wild-type (WW), homozygous deletion or variant (DD), and heterozygous ins/del (DW). The pooled OR was estimated in five genetic models: (1) (REM) was applied to estimate pooled OR. Otherwise, the fixed-effects model (FEM) was used. Moreover, HWE was recalculated in control groups by Pearson's χ 2 test before this meta-analysis was conducted. To explore the potential heterogeneity among studies, we conducted subgroup analysis based on ethnicity (Asian and Caucasian), control source (hospital-based (HB) and population-based (PB) population), genotyping method (TaqMan and others), quality score of studies, and type of cancer. In addition, sensitivity analyses were also conducted through sequentially excluded individual studies to investigate the potential origin of heterogeneity and to assess the stability of the results.
Potential publication bias was tested by several methods. Visual inspection of asymmetry in funnel plots was carried out. Furthermore, Egger' regression and Begg's test were also utilized to detect publication bias, and P < 0.05 was considered statistically significant. Benjamini-Hochberg false discovery rate (FDR) test was used to correct for multiple comparisons yielding P corr value less than 0.05 was considered as significant. All statistical analyses were performed with STATA 12.0 software (Stata Corp LP, College Station, TX).
Results

Study inclusion and characteristics. This meta-analysis design was based on the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) prospectively. The process of study selection was showed in Fig. 1 . We totally identified 419 articles with our search strategy. After removing duplications, scanning titles and abstracts and reading the full-text, 36 articles were eligible based on our inclusion and exclusion criteria in this meta-analysis. Among these selected articles, Riemann et al. 43 and Li et al. 39 investigated the link between the -94 ins/del ATTG polymorphism and the risk of three different cancer types, respectively. Therefore, we treated them as six separate comparisons. In addition, Huang et al. 44 and Liu et al. 41 conducted their research in two different places (eastern and southern china), which were treated as four individual comparisons. Therefore, a total of 42 studies from 36 articles were identified, including 43,000 subjects (18,222 cases and 24,778 controls) 8, 10, 13, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] 32, [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] . Of the 42 included studies, five studies involving 7,186 subjects reported on colorectal cancer (CRC). In the remaining studies, there were two studies on renal cell carcinoma (RCC), four studies on bladder cancer (BC), two studies on gastric cancer (GC), three studies on hepatocellular carcinoma (HCC), four studies on prostate cancer (PC), four studies on ovarian cancer (OC), five studies on lung cancer (LC), three studies on nasopharyngeal carcinoma (NPC), two studies on oral squamous cell carcinoma (OSCC). Other cancers, such as multiple myeloma, breast cancer, cervical squamous cell carcinoma, acute myeloid leukaemia, were relatively less investigated and thereby merged into "other cancer" category. In addition, there were 30 studies for the Asian population and 12 studies for the Caucasian population. As for control source, 10 studies employed PB control, while 29 studies conducted their studies applying HB control. Moreover, the estimated quality of each study was in the range of 6-9 points. The genotype distributions for control populations in all studies were conformed to HWE. Characteristics of included studies are shown in Tables 1 and 2 .
Quantitative data synthesis. The meta-analysis results have been summarized in Table 3 . For the presence of moderate heterogeneity across all levels of analysis, random-effects model (REM) was applied to calculate the summary odds ratios (OR) in all five genetic models (Table 4) (Fig. 2) . In addition, corrected P values for multiple testing remained significant (Table 4) .
Subgroup analysis.
To investigate the moderate heterogeneity in the outcomes and the inference of the studies, we pooled the odds ratios (OR) and 95% confidence interval (CI) from further subgroup analyses of ethnicity, control source, genotyping method, cancer type, and quality score. When stratified by control source, REM was utilized due to the presence of heterogeneity in all above genetic models (Table 4) . Consistently, NFKB1 -94 ins/del ATTG polymorphism was significantly associated with decreased cancer susceptibility among HB population in all genetic models, among which the most obvious is for dominant model (DD+ DW vs. WW: OR = 0.85, 95% CI = 0.77-0.95, P = 0.003), and weakest for recessive model (DD vs. DW+ WW: OR = 0.86, 95% CI = 0.74-0.99, P = 0.04). Corrected P values for multiple testing remained significant. However, no such significant relationship was detected for PB population in any genetic model (Table 3) .
Subgroup analysis based on ethnicity was also conducted in this analysis. Since moderate heterogeneity was observed in all genetic models, we used the REM of analysis. The overall results showed that a significantly strong association between NFKB1 -94 ins/del ATTG polymorphism and decreased cancer risk was seen for Asian population in all genetic models (DD+ DW vs. WW: OR = 0.77, 95% CI = 0.70-0.86, P < 0.0001; DD vs. DW+ WW: OR = 0.77, 95% CI = 0.67-0.90, P = 0.001; DD vs. WW: OR = 0.66, 95% CI = 0.55-0.80, P < 0.0001; DW vs. WW: OR = 0.85, 95% CI = 0.81-0.90, P < 0.0001; D vs. W: OR = 0.82, 95% CI = 0.76-0.90, P < 0.0001) (Fig. 3 ). In contrast, the Caucasian population exhibit NFKB1 -94 ins/del ATTG promoter variant associated increased susceptibility to cancer in dominant (DD+ DW vs. WW: OR = 1.20, 95% CI = 1.10-1.31, P < 0.0001), homozygous (DD vs. WW: OR = 1.15, 95% CI = 1.01-1.31, P = 0.03), heterozygous (DW vs. WW: OR = 1.22, 95% CI = 1.11-1.34, P < 0.0001), and allelic (D vs. W: OR = 1.11, 95% CI = 1.04-1.17, P = 0.001) models (Table 3) , with low heterogeneity found in Caucasians (Table 4) . Moreover, no significant variables were identified after corrections for multiple comparisons.
Subgroup analysis was conducted among 6 methods for genotyping. REM was used since moderate heterogeneity was identified in this subgroup analysis. In the polymerase chain reaction-restriction fragment The P values of Z test for odds ratios test.
length polymorphism (PCR-RFLP) group and polymerase chain reaction-polyacrylamide gel electrophoresis (PCR-PAGE) group, significantly decreased association between NFKB1 -94 ins/del ATTG promoter variant and cancer risk were identified, among which the most obvious is for recessive model in the two groups (PCR-RFLP group: DD vs. DW+ WW: OR = 0.72, 95% CI = 0.60-0.87, P = 0.001; PCR-PAGE group: DD vs. DW+ WW: OR = 0.65, 95% CI = 0.50-0.85, P = 0.002), respectively. In contrast, no relationship was detected in TaqMan, MassARRAY, PCR-CGE, and Pyrosequencing group (Table 3) . When stratified by quality score, significant decreased association was only identified in the group whose quality score ≤ (Table 3 ).
In addition, stratification analysis by cancer type was also performed. Further analysis showed that the substitution was significantly related to decreased risk of OSCC (DD+ DW vs. WW: OR = 0. 60 (Table 4) . Nevertheless, there was no significant relationship between the polymorphism and the remaining cancer types in any genetic model, including CRC, RCC, BC, GC, HCC, PC and other cancer (Table 3 ).
Publication bias. Publication bias was assessed through the Begg's funnel plot and Egger's regression intercept tests. The shape of the Begg's funnel plot did not reveal basically asymmetric distribution in all comparisons of the overall population. Moreover, the result of Egger's test (dominant model: P = 0.269; recessive model: P = 0.202; homozygous model: P = 0.133; heterozygous model: P = 0.471; allelic model: P = 0.245) further provided no evidence of significant publication bias. Our observation of symmetric funnel plots and non-significant statistical tests confirmed no publication bias (Fig. 4) .
Sensitivity analyses.
To validate our results, we further conducted sensitivity analyses to evaluate the stability of these results in this meta-analysis. Firstly, the random-effects model was compared with the fixed-effects model, and the statistically similar results were obtained in all genetic models. Secondly, we applied leave-one-out method by sequentially excluding each study to assess the influence of individual study on the obtained conclusions. The conclusions remained unchanged in all comparisons, suggesting the stability of our meta-analysis. Furthermore, due to the higher number of studies of Asian population, we conducted the analysis with randomly selecting 50% of the case-control studies for many times to determine the sensitivity. However, the corresponding pooled ORs were generally similar in each comparison (data not shown). Therefore, our conclusion in this meta-analysis was stable and credible.
Discussion
The NF-κ B family constitutes a class of pleiotropic transcription factors, which seems to contribute to tumor angiogenesis and progression by regulating the transcription of genes involved in immune response, cell proliferation, apoptosis, and angiogenesis 17, 56 . The NF-κ B family members can form homo-dimmers and hetero-dimmers to produce more than 15 distinct active complexes, among which p50/p65 heterodimer is one of the most sufficient forms and is present in almost all cell types 57 . NF-κ B complexes are constitutively active in various cancer cell lines and tissues, indicating the involvement of NF-κ B in tumorigenesis 58, 59 . In addition, various inflammatory cytokines, such as TNF-a, IL-6, and IL-8, regulated their biological effects by activating NF-κ B. In consequence, the abnormality and disturbance of NF-κ B function can reduce diverse biological processes, including uncontrolled cell proliferation and suppression of apoptosis, thereby rendering a cell more prone to malignant transformation 31 . A functional -94 ins/del ATTG (rs28362491) polymorphism in the promoter region of the p50/p105-encoding NFKB1 gene located between two received key promoter regulatory elements modulates its transcription and then affects the production of protein subunits 18, 31 . Previous studies have shown that the -94del allele may result in significantly decreased NFKB1 transcript level and hence, reduce p50/p105 protein production 18, 20 . Therefore, the different level of the protein subunits between the carriers of -94del allele and -94ins allele may be expected to contribute to inter-individual variations in cancer risk.
In this meta-analysis, we investigated the -94 ins/del ATTG on NFKB1 gene locus with 42 separate case-control studies (18,222 cases and 24,778 controls) focusing on the relationship of this variant to cancer risk. The overall results revealed a significant association between -94 del/del variant genotype carriers and decreased cancer risk. Despite the mechanism remains unclear, considering the critical role of NF-κ B in various biological pathways, we could hypothesize that ATTG deletion causes the loss of binding to nuclear proteins, which leads to reduced promoter activity 13 . The promoter sequence with -94 del allele results in lower transcriptional activity and thereby causes decreased levels of p50/p105 in the cytoplasm, which serves a critical function in trans-activating anti-apoptosis genes and inhibiting cell apoptosis, thereby promoting cellular proliferation. In addition, the p50 in -94 del carriers can form lesser heterodimers with p65 to mediate the inflammatory pathway compared to the -94 ins allele carriers. Therefore, the -94 del allele may play a protective role in cancer risk.
However, we must treat these results cautiously when referring to the findings, because moderate heterogeneity was detected in this meta-analysis, which may be attributed to different characteristics of the cohort, environmental exposure, clinical information and intrinsic complexity of cancer architecture. In addition, Scientific RepoRts | 6:30220 | DOI: 10.1038/srep30220 there are 30 studies for the Asian population and 12 studies for the Caucasian population. The high proportion of over-represented studies of the Asian population in the combined analysis clearly resulted in a bias, which affected the overall results. Therefore, we conducted a subgroup analysis to identify the origin of heterogeneity by ethnicity, control source, genotyping method, cancer type, and quality score.
When analysis was restricted to ethnicity, the variant del allele could confer a decreased or increased risk of developing cancer to its carriers among Asians and Caucasians, respectively. Natural selection and balance to other genetic variants may result in different genotype frequencies in different ethnicities. In addition, accumulated evidence demonstrated that individuals with the same genotype living in the different areas with different environments and life style might have a different cancer risk 7, 20, 31 . Therefore, this discrepancy between Caucasians and Asians could be attributed to the possible differences in genetic background, gene-environment, and non-genetic risk factors, such as smoking and high intake of salted foods. In populations where the -94del allele was identified to increase cancer risk, a plausible interpretation for such observation could be that the p50 protein lacks the C-terminal transactivation domain and may form inhibitory homo-dimers, which can serve as a role in repressing pro-inflammatory genes and then resulting in decreased levels of p50/p50 repressive homo-dimers in -94 del allele carriers 60, 61 . Consequently, -94 del allele carriers may be genetically with a higher inflammatory response. Interestingly, the results were contrary to the results of two previous meta-analyses 33, 34 that no significant association was seen between NFKB1 -94 ins/del ATTG polymorphism and the risk of cancer in Caucasians. The contradictory results are interpreted by the following reasons: (1) the small sample was included in the previous two meta-analyses. Therefore, the results may reduce the power to reveal a reliable relationship. There were twelve case-control studies eligible for this meta-analysis among Caucasians, so the result may be closer to the real value; (2) the previous studies included many studies, which do not follow HWE. These studies may make the result incredible; (3) the sensitivity analysis was conducted through three different methods in this meta-analysis, and the results were consistent with the previous results, suggesting the results of this study were stable; (4) different clinicopathological features of cases included, different experimental designs and genotyping methods utilized in these studies; (5) we used Benjamini-Hochberg procedures to adjust for Scientific RepoRts | 6:30220 | DOI: 10.1038/srep30220 multiple comparisons in setting the level of significance. There were no significant variables after corrections for multiple comparisons. The stronger and significantly decreased risk of cancer when analysis was restricted to hospital-based (HB) group was observed in all genetic model, but such association was not seen in population-based (PB) group. Interestingly, it was noted that moderate heterogeneity appeared in the HB group, which may result from selection bias. Additionally, HB controls were selected from hospital, which may not validly represent the exposure situation of the overall population. Therefore, results from the PB controls were thought to be more reliable.
Cancer was an overly broad collection of different types, which may have confounding factors to not reveal a reliable association. Therefore, further stratification analysis by cancer type was also conducted. The decreased risk of cancer also remained in the subgroups of oral, ovarian, and nasopharyngeal carcinoma in Asian populations. Moreover, the clinical and demographic information are essential factors affecting the overall results. Zhang et al. 26 and Wang et al. 25 reported that the increased risk of -94 ins/del ATTG polymorphism remained when analyses were done according to gender and smoking status in lung cancer among Asian population. The study by Oltulu et al. 13 demonstrated that gender and age associated with lung cancer among Caucasian population. Additionally, Han et al. 38 demonstrated that the impact of the -94 ins/del ATTG polymorphism was not present in nonsmokers and younger subjects in prostate cancer. Consequently, only increasing the number of populations, without taking into clinical and demographic information into account, will not guarantee the validity of the results. We tried to collect some subsets of clinical information and demographic data from the eligible publications to conduct further analysis. However, on one side, the relatively small sample size could reduce the statistical power of this study and result in unreliable association. On the other side, these data were collected from various cancers and ethnicities, which may give rise to confounding variables to reveal an unreliable association. Therefore, in my opinion, a better result can be given exclusively from a case-control study of large sample size, the same cancer type, and the same ethnicity.
We note several potential limitations of this meta-analysis when interpreting these results. First, we were unable to perform further analysis to investigate other risk factors of cancer risk for insufficient original data, such as age, tumor location, and gene-environment/gene-gene interaction. Second, moderate between-study heterogeneity was checked in some genetic comparisons. Further subgroup analysis showed that cancer type and control source might be the source of heterogeneity. Nevertheless, there is other inexplicable heterogeneity affecting the results. Third, publication bias might have occurred for only including published articles. Some relevant published studies or unpublished studies with null results were missed, which may affect our results. Fourth, many studies included in this meta-analysis were performed in Asian and Caucasian populations, so the association needs to be verified in other ethnicities. Despite these limitations, we created a strict protocol, and performed study selection, data identification and statistical analysis to reduce potential bias through the whole process. Thus, the objectivity and reliability of the results are guaranteed. In conclusion, to the best of our knowledge, this is a comprehensive study to assess the relationship between NFKB1 -94 ins/del ATTG polymorphism and cancer risk. Our results indicated that the -94 ins/del ATTG polymorphism was significantly associated with decreased cancer risk in Asian populations, but increased cancer risk in Caucasian populations. However, due to the limitations of this current meta-analysis, the conclusion might be not conclusive. Therefore, in the future, there will be a need for larger sample size and more ethnic groups to further confirm the results of this meta-analysis. 
